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Introduction

We have been encouraged by the positive reactions that we have re-

ceived to the second edition of the publication Gamma-Ray Astro-

physics, New Insight into the Universe, and therefore, wish to make

a few additions. In this addendum there are three small parts: A.

Comments on New Findings since October 1997, B. Figures, and C.

Corrections. In part B, some of the figures that were in the book

have been reproduced here in larger form so that they are easier to

read. In part C, the corrections that have come to our attention since

the original publication are included.

Part A. Comments on New Findings since October

1997

Chapter 3

The use of remote sensing gamma-ray spectroscopy was discussed

in Chapters 2 and 3. The lunar prospector gamma-ray remote sys-

tem has successfully obtained global gamma-ray and neutron maps

of the lunar surface during 1998 and continuing in 1999. The neu-

tron maps have been used to map the presence of hydrogen over the

lunar surface. A study of both the neutron and gamma-ray maps

indicates the possibility of subsurface water at the lunar poles. Tho-

rium, potassium, and iron count rate maps have been obtained. The

thorium and potassium maps show that these radioactive elements

are highly concentrated in and around the near side western maria

and less so in the South-Aiken basin. These data suggest that the

thorium was excavated by impacts of asteroids and comets and then

distributed around craters, rather than being deposited by volcanic

activity. Higher spatial resolution data will be obtained from orbital

data gathered at lower altitudes. For further detail see Lawrence et

al., 1998. The data obtained is consistent with that obtained with the

Apollo and Clementine orbital observations.



The gamma-rayspectrometeraboardtheNearEarthAsteroidRen-
dezvousmission(NEAR)hasbeenoperatingsuccessfullyin thecruise
phaseandhasimplementeda burstdetectionsystem.This system
hasbeenincorporatedin theInterPlanetaryNetworkfor gamma-ray
burst detection. The operationand dataobtainedwith the NEAR
gamma-rayspectrometerduringthecruisephaseof themissioncan
befoundin Trombkaetal. 1997.It is plannedthattheNEARspace-
craftwill be in orbit aroundtheasteroid433Erosin January2000.

Chapter 8

Concerning active galaxies, some new information now exists on the

high-energy gamma radiation, and it is largely contained in the Third

EGRET Catalog (Hartman et al., 1999). The additional information,

although representing only a modest increase in statistical weight,

supports the trends and conclusions discussed in the book. For ex-

ample, the distribution in z of active galaxies emitting high energy

gamma rays retains the same general character as that shown in Fig-

ure 8.16. Further, the distributions of BL Lacs and FSQR's in z have

the same general appearance as before and, therefore, both are also

at least similar to the distributions of these objects in radio emission,

if not essentially the same. At this time, it is perhaps also worth

calling attention to the summary of this chapter, section 8.8, and es-

pecially the last sentence, which reads "Since there is now a good

knowledge of the basic properties of the high-energy gamma-ray

emission and its implication for the parent relativistic particles, a

challenge exists to formulate a quantitative theoretical explanation

of exactly how these particles are accelerated."

Chapter 10

There have been some important developments in our understanding

of Gamma-Ray Bursts (GRB) since the publication of this book. In

the past two years, over a dozen GRB's have been associated with x-
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rayoroptical, and radio counterparts. The redshifts of some of these

objects have been measured, giving z > 1, and in one case a color

redshift suggesting z > 5, indicating that the bursts occurred when

the Universe was just a small fraction of its current age.

These new results are consistent with the previous evidence discussed

in the book and make the discussion of possible origins in cosmo-

logical terms more meaningful. For clarification, the energy avail-

able according to collision or hypernovae hypotheses seems to be

adequate only if there is beaming. Without beaming, energies as

high as 1053to 10 54 ergs would be required, and that amount seems

inconsistent with the calculations of expected energy. Including beam-

ing, the energy can be reduced to 1049to 1050 and the statement in the

book that "The expected number of occurrences per unit time may

also be sufficient," still is thought to be correct.

The observed optical afterglow of the GRB's has never reached a

magnitude greater than 19, and fades quickly after passing their peak

intensity. It has been observed that the luminosity declines propor-

tional to t-13. Therefore, in order to observe these transient sources,

accurate positions must be obtained within hours after the initial ex-

plosion and with a spatial resolution compatible with the field of

view of a large telescope. Accurate GRB positions can be obtained

if the GRB occurs in the field of an imaging gamma-ray telescope

and is followed by a more accurate imaging by a focussing x-ray

telescope. Accurate positions also can be measured by the Inter-

Planetary Network (IPN).

A soft gamma-ray repeater flare was detected on August 27, 1998

(Hurley et al. 1999). These soft gamma-ray repeaters can be attrib-

uted to transient sources of high-energy photons. The transient sources

emit sporadic and short bursts of lower energy gamma rays during

periods of activity, which are often broken by long stretches of qui-

escence. The duration of these bursts is of the order of 0.1 seconds.

The only previous measurement which showed a clear periodicity in

its signal was detected March 5, 1979 (Mazets et al. 1982 and Barat



et al. 1979).It isbelievedthattheburstwasmostprobablyinitiated
by amassivedisruptionof thecrustof theneutronstar,followedby
anoutflow of energeticparticlesrotatingwith theperiodof thestar
(magnetar).

New results and the latest information can be found on the Web. The

results obtained up to this time make the discussion in our book of

possible origins in cosmological terms more meaningful.

Part B. Figures

Some of the figures in the book were small for the amount of infor-

mation involved or a bit fainter than desired, at least in part because

of the book's page size. To provide those who have the book with

easily available better versions of these figures, larger and clearer

versions are included on the next several pages.
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Figure 6.13. Pulse profiles as a function of energy for GRO J1948+32 during

the interval MJD 49462-49468. Two pulses are shown for each energy channel.

The energy edges for CONT channels 1-3 of BATSE detector 0 are indicated.

These pulse profiles are overresolved by a factor of 1.7. Note that the pulse shapes

are uncorrected for the rapid change in detector response as a function of energy in

the 20-100 keV range. The figure is reproduced with the permission of Chakrabarty

et al. 0996).
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Figure 8.4 The energy spectrum of several blazars as a function of gamma-
ray energy. The figure is adapted from von Montigny et al. (1995a) and repro-
duced with their permission.
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Figure 8.7 The energy observed from several gamma-ray-emitting blazars

by Jy Hz as a function of Hz. The figure is reproduced with the permission of von

Montigny et al. (I 995a).
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right. The figure was developed from the work of Fichtel et al. (1996) and
Mukherjee et al. (1997).
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Figure 8.13. The spectral index of individual high-energy gamma-ray blazars

detected by EGRET plotted as a function of z. This figure is developed from the

work of Fichtel et al. (1996) and Mukherjee et al. (1997).

10



o
0)

o.._

_£3
O

.__1

....I
03

'.4.--

O

c3

E

t--

15

10

5

0

0

, o , , , , | ' , , , , , , , ,

BLL objects

....... EGRET BLLs

i, o

1 2 3

redshift z

4

Figure 8.14. The distribution of BL Lacs as a function of z detected in the
radio-frequency range, shown as a solid line, and in the high-energy gamma-ray
range, shown as a dot-dash line. This figure is reproduced with the permission of

Mukherjee et al. (1997).

11



25

_- 20
O
03
0

n- 15
(Z)

'-4-'--

o 10

_to

E
-' 5
c

0

0

' ' ' ' ' ' ' ' ' t ' ' ' ' ' ' ' ' ' I ' ' ' ' ' ' ' ' ' I " ' ' ' ' " ' ' '

Non-BLL FSR quasars

I ....... EGRET quasars I

|" --'I

, , [-_] FTI VI ,

1 2 .3 4

redshift z

Figure 8.15. The distribution of FSRQ as a function of z detected in the ra-

dio-frequency range, shown as a solid line, and in the high-energy gamma-ray

range, shown as a dot-dash line. The figure is reproduced with the permission of

Mukherjee et al. (1997).

12



IO"

10 _

(/}
0
O_
LIJ

Z 10_

8 10°'

_ lO'm

Z

104

EGRET detected AGN
I I ' ' I r I • • -_ -

__--_-- 00
__-- 0 0

_-_ _ 0 0 0 0 0

_ 0 _ ^ 0 _ ....

 iiiil;iil;iiiiiill ......
10 _ , , , I I , _ _ _ I ; ; ; _ I _ , _ ,

0.0 0.5 1.0 1.5 2.0 2.5
REDSHIFT Z
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an evolution function of the form (l+z) 3.
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Part C. Corrections

Page

V The title for section 10.4 should be: "High-Energy Gamma-

ray Emission"

161 The caption for Figure 6.14 should read: "Distribution of

the high-energy gamma-ray sources seen by EGRET;

diamonds: active galactic nuclei; circles: unidentified

EGRET sources; squares: pulsars; and triangles: LMC. The

figure is from the EGRET catalog and its supplement

(Thompson et al., 1995, 1996)."
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